The assignments and partial conformational analysis of the 220-MHz 'H nuclear magnetic resonance spectrum of the neurohypophyseal hormones arginine vasopressin and arginine vasotocin in uniformly deuterated dimethylsulfoxide are reported. 
Since the initial conformational analysis by 'H nuclear magnetic resonance (NMR) spectroscopy of oxytocin dissolved in dimethylsulfoxide Me2SO (1-3), neurohypophyseal hormones have been extensively investigated by this technique (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) , by "IC NMR spectroscopy (16) (17) (18) (19) (20) , by conformational energy calculations (14, 21, 22) , and by model building (22) . The ultimate goal of these types of studies is to relate the biological activity of peptide hormones to their solution conformation.
In this communication, we 
MATERIALS AND METHODS
AVP, AVT, and [Ala']AVP were from the same batch used in a previous study (18) Cc and CO protons on the same residue. After the COH resonance assignments had been obtained, the NH resonances for all residues were uniquely assigned by spin decoupling of vicinal amide and C' protons on the same residue. For assignment of the side chain COl, CY, and C5 proton resonances of Arg8, which is unique to AVP and AVT, the spectral positions of the corresponding protons in Z-Arg-OBu' and Z-Arg-Gly-NH2 dissolved in [U-2H]Me2SO were recorded; it was found that the spectral positions of arginyl side chain protons were preserved in going from those of the derivatives to AVP and AVT.
Because spectral overlap prevented the unique assignments of the CcH resonances of Tyr2 and Phe3 in AVP, the NH resonances for these residues could not be uniquely assigned by spin decoupling. Nevertheless, the NH resonance of Tyr2 in AVP could be assigned with reasonable certainty on the basis of temperature-dependent line broadening-i.e., it has been observed that the NH resonance of the residue in position 2 of neurohypophyseal hormones, but not of their corresponding deamino analogs in which the N-terminal amino group is replaced by a hydrogen atom, exhibits a characteristic broadening as temperature is increased (1, 10, (12) (13) (14) (15) . In AVP, the NH resonance located at 8.90 ppm at 20° (Fig.   1 ), and known to be that of either Tyr2 or Phe3, exhibited the temperature-dependent line broadening characteristic of position 2 in other congeners. More importantly, it should be noted that in studies of [Ala2]AVP, a very close congener of AVP in which Tyr2 is replaced by Ala2, the NH resonance unequivocally assigned to Ala2 (8.97 ppm at 210, a spectral position similar to that of the resonance that broadens in AVP) is observed to broaden characteristically as temperature is increased and to flatten at 52°to the level of the signal baseline (Fig. 3) . Thus, the NH resonance located at 8.90 ppm at 200 in AVP is assigned to Tyr2 and, by the process of elimination, the NH resonance located at 8.72 ppm at 200 is assigned to Phe3 (Fig. 1) .
Attention should be drawn to another effect associated with the replacement of Tyr2 by Ala2. In the initial report on some assignments of proton resonances in LVP it was speculated "that the peptide NH resonance furthest downfield in the spectrum may be that of Phe3 and not that of Cys6, as in oxytocin" (6) , inasmuch as the observed stacking (5) Turning to AVT, it appears that its ring conformation is very similar to that of oxytocin. The evidence for this contention-while not yet complete, but nevertheless convincingcan be summarized as follows: (a) the values of 6, AWNH/AT, and kHDX for corresponding protons of residues located in the 20-membered cyclic moiety of AVT and oxytocin are quite similar; and (b) the '3C NMR spectra of atoms comprising the tocin ring of AVT and oxytocin are almost identical (18) .
In all four of the hormones, AVP, AVT, LVP, and oxytocin, the ring moiety (residues 1-6) appears to possess a 10-membered, hydrogen-bonded fl-turn (25) in which the backbone NH of Asn5 is intramolecularly hydrogen-bonded to the C==O of Tyr2. Certainly the observation that the resonance of this hydrogen-bonded proton occurs at a relatively upfield position is compatible with the existence of a (3-turn-a conformational feature proposed on the basis of 'H NMR studies first for gramicidin S-A (26) and then for oxytocin (2) and LVP (6, 8, 10 AVP are compared with those of the corresponding protons of residues comprising the tocin ring of AVT, it is readily apparent that the peptide NH resonances for all residues except Cys6 experience an upfield shift in going from AVP to AVT (Fig. 6) . Furthermore, an additional upfield shift is observed for the backbone NH resonances for all ring residues except Asn5 and Cys6 in going from AVT to oxytocin. These results revealed that there may be a progressive change in the magnetic environments for the backbone amide protons in the ring moiety in going from AVP through AVT to oxytocin. The molecular origins of this progressive change are complex and could result from the following factors: (a) the effect of amino acid sequence per se on the local and overall stereochemistry, (b) electrostatic effects due to differences in the potential charges of certain of the amino acid residues, (c) differing degrees of solvation, (d) differing extents of conformational averaging, and (e) the existence of differing statistical weights of various conformers with different hydrogen-bonding patterns. Measurements of the spin-lattice relaxation times (T1) of 2H nuclei revealed that the rotational diffusion of the Gly9 residue in the linear portion of oxytocin is much greater in aqueous solution than that of the Cys1 residue in the ring of the hormone (28) . A residue-by-residue account of the intramolecular mobility of the total backbone structure of oxytocin and LVP was obtained by T1 determinations in aqueous solution of '3C nuclei in natural abundance (20) . In both peptide hormones, the backbone of the acyclic tripeptide tail moiety (residues 7-9) exhibits a greater conformational freedom than that of the ring moiety and, moreover, the formally charged tail moiety of LVP seems to possess a greater freedom than the uncharged tail moiety of oxytocin. Similar '3C T1 measurements of oxytocin dissolved in dimethylsulfoxide suggested that the backbone of the tail moiety is also more flexible than that of the ring moiety (27) . Chemical shifts of amide protons of amino-acid residues located in corresponding positions in the acylic tail moiety of AVP, AVT, and oxytocin dissolved in [U-2H]Me2SO are rather similar, which may be related to the enhanced mobility of the tail moiety relative to the ring moiety and, as a result of this increased flexibility, enhanced exposure to the solvent of the tail moieties of different congeners. The relatively upfield position of the NH triplet resonance of Gly9 in AVP and AVT may also indicate the presence of a loose R-turn involving the Cys-Pro-Arg-Gly moiety as was suggested for the C-terminal tetrapeptide moiety of oxytocin (3) and LVP (6, 10 
